In a three-month retrospective study, we assessed the proportion of rapid response team (RRT) calls associated with systemic inflammatory response syndrome (SIRS) and sepsis. We also documented the site of infection (whether it was community-or hospital-acquired), antibiotic modifications after the call and in-hospital outcomes. Amongst 358 RRT calls, two or more SIRS criteria were present in 277 (77.4%). Amongst the 277 RRT calls with SIRS criteria, 159 (57.4%) fulfilled sepsis criteria in the 24 hours before and 12 hours after the call. There were 118 of 277 (42.6%) calls with SIRS criteria but no evidence of sepsis and 62 of 277 (22.3%) calls associated with both criteria for sepsis as well as an alternative cause for SIRS. Hence, 159 (44.4%) of all 358 RRT calls over the three-month study period fulfilled criteria for sepsis and in 97 (159-62) (27.1%) of the 358 calls, there were criteria for sepsis without other causes for SIRS criteria. The most common sites of infection were respiratory tract (86), abdominal cavity (38), urinary tract (26) and bloodstream (26). Infection was hospital-acquired in 91 (57.2%) and community-acquired in 67 (42.1%) cases, respectively. Patients were on antibiotics in 127 of 159 (79.9%) cases before the RRT call and antibiotics were added or modified in 76 of 159 (47.8%) cases after RRT review. The hospital length-of-stay of patients who received an RRT call associated with sepsis was longer than those who did not (16.0 [8.0 to 28.5] versus 10 [6.0 to 18.0]; P=0.002).
Patients admitted to hospital wards have increasingly complex conditions and comorbidities which may predispose them to infection 1, 2 . Several studies have shown that sepsis and severe sepsis are important causes of morbidity and mortality in hospitalised patients [3] [4] [5] [6] .
Rapid response teams (RRTs) have been introduced into hospitals worldwide to identify, review and treat acutely deteriorating ward patients in an attempt to reduce cardiac arrests, serious adverse events and unplanned admissions to the intensive care unit (ICU) 7, 8 .
A retrospective study of 400 RRT calls in our hospital suggested that sepsis may have been associated with approxi-mately 25% of calls 9 . However, the diagnosis of sepsis was presumptive and only based on the clinical impression of the attending RRT staff. It did not involve formal assessment for the presence of markers of the systemic inflammatory response syndrome (SIRS) or radiological and laboratory confirmation of sepsis. A better understanding of RRT calls involving sepsis is important, as a significant proportion may be preventable, and earlier and more targeted management of sepsis may improve patient outcomes.
To assess the potential importance of sepsis during medical emergency team (MET) calls, we conducted a more detailed retrospective observational study of RRT calls occurring over a three-month period to estimate the proportion of calls where sepsis was diagnosed as a contributing factor. Specifically, we assessed RRT calls for the presence of documented SIRS criteria and a presumed focus of infection. In addition, we recorded the presumed focus of infection, the causative organism and whether the infection was treated with antibiotics prior to RRT review. Finally, we analysed the differences in baseline characteristics and outcomes of patients with sepsis compared with those who did not have sepsis.
Methods

Ethics approval
The study was approved by the Austin Hospital Ethics and Research Committee as audit activity. The Committee provided a waiver for informed consent (Approval No. H2011-04488).
Hospital setting
The Austin Hospital is a 400-bed, acute care teaching hospital with 80,000 admissions per year, including more than 33,000 multi-day admissions. It provides all medical and surgical services and is the state referral service for liver transplantation, spinal cord injuries, long-term ventilation weaning and complex aortic vascular surgery. The ICU contains 20 beds, with more than 2200 admissions annually. It operates according to a closed model where only ICU physicians can prescribe therapy.
Rapid RRT
The RRT was introduced in our hospital in 2000. It consists of an intensive care registrar and an intensive care nurse equipped with all necessary material and drugs to re-create ICU care at the bedside within five to ten minutes. An internal medical registrar and the parent unit doctors attend when available. The RRT can be activated by any member of hospital staff according to pre-set criteria of physiological instability, many of which exceed the SIRS criteria (Table 1) . This service has been described in detail elsewhere 10 .
Study design
We conducted a retrospective audit of RRT calls occurring between 1 April and 30 June 2011. Calls were identified from an electronic database which is prospectively updated at the end of each call by the ICU registrar. Where needed, additional data were obtained from the scanned medical records and the electronic pathology and microbiology clinical information systems.
Details of data collection
We collected data on patient age, gender and the type of ward where the call occurred (medical, surgical, oncology, other). Details of the RRT calls included the time of activation (in-hours: 0800 to 1800, evening: 1801 to 0000 and overnight: 0000 to 0759), the day of week of activation, the staff member activating the call and the clinical trigger for the call.
Each patient's observation chart and pathology tests were examined in the time interval spanning the 24 hours before and 12 hours after the RRT call for the presence of at least two of the markers of SIRS 11 including: 1) core temperature ≤36.0°C or ≥38.0°C, 2) heart rate >90 per minute, 3) respiratory rate >20 per minute or partial pressure of arterial carbon dioxide (PaCO 2 ) <32 mmHg and 4) white cell count >12.0×10 9 per litre or <4.0×10 9 per litre or >10% immature bands. In cases where the patient had two or more SIRS criteria, the investigators also examined the patient's file to determine whether the patient had an obvious alternative cause for the SIRS criteria.
In cases where patients had at least two SIRS criteria, patients were assessed for evidence of sepsis. Patients were presumed to have sepsis as the cause of SIRS if they had one of the following: obvious clinical focus of infection based on a clinical syndrome, organism grown from a normally sterile site, deep abscess/collection or radiological evidence of a focus of sepsis 11, 12 . In patients with clinically obvious sepsis, we also documented the focus of infection, whether the infection was community-or hospital-acquired and the organism type. We also documented whether the patient was on antibiotics prior to the RRT call and whether antibiotics were added or changed after the call.
Outcome measures included hospital length-of-stay, as well as discharge destination and vital status at hospital discharge.
Statistical analysis
Descriptive statistics are presented as means with standard deviation or medians with interquartile range depending on the data distribution. Categorical data are presented as raw numbers and percentage. In cases where data were missing, no assumptions were made about missing data. Data were analysed using IBM SPSS TM statistics software version 20 (IBM Inc., Chicago, IL, USA). Comparisons of distributed data were performed with an independent Student's t-test or Mann-Whitney U test as appropriate. Comparison of proportions was conducted with the chi-square test or Fisher's exact test. For all statistical analyses, a two sided P-value <0.05 was taken to indicate statistical significance. To account for repeat RRT calls, we conducted analyses for both RRT calls and for patients reviewed by the RRT separately. In the analysis of difference in patient details, we considered a patient to have experienced an RRT call associated with sepsis if any of the calls during the admission had criteria that fulfilled our criteria for sepsis.
Results
Overall details of calls
Over the study period, there were 358 RRT calls with sufficient data involving 263 patients. The median (interquartile range) age was 73.0 (59.8 to 81.1) years and 142 out of 263 (54.0%) were male. The ward of the call was documented in 94.7% of calls. Calls occurred in surgical (54.7%), medical (31.6%), oncology (6.1%) and other areas (2.2%), respectively. The staff member activating the call was documented in 96.9% of cases and was the nurse in charge (12.0%), the floor nurse (69.3%) and the ward doctor (15.6%), respectively.
Amongst the 358 calls, 182 (50.8%) occurred during day hours, 84 (23.5%) in the evening and 92 (25.7%) overnight. Calls were more frequent between 0800 and 0900 and 1300 and 1400, corresponding to the times of change of medical day shift and nursing afternoon shift, respectively (Figure 1 ). Calls were relatively evenly distributed throughout the week, although they were slightly more common on the weekend (Figure 2 ). 
Presence of SIRS criteria and sepsis amongst RRT calls
Amongst the 358 RRT calls, two or more SIRS criteria were present in 277 (77.4%) of calls ( Figure 3 ). Temperature, heart rate, respiratory and white cell criteria were present in 160 (44.7%), 273 (76.3%), 213 (59.5%) and 192 (53.6%) of calls, respectively.
Amongst the 277 RRT calls with SIRS criteria, 159 (57.4%) fulfilled criteria for sepsis in the 24 hours before and 12 hours after the RRT call. There were 118 out of 277 (42.6%) calls with SIRS criteria but no evidence of sepsis ( Figure  3 ). Amongst these 118 calls, the most common alternative causes of SIRS criteria included atrial fibrillation (21), postoperative status (19), pulmonary oedema (17), bleeding (14), dehydration (13) , medication side-effects (12) and intracranial pathology (8) .
In addition, there were 62 out of 277 (22.3%) calls associated with both criteria for sepsis as well as an alternative cause for SIRS. Thus, in 180 (118+62) out of 277 (65.0%) calls with SIRS criteria, there was an alternative (non-septic) clinical cause for SIRS.
Hence, 159 (44.4%) of all 358 RRT calls over the threemonth study period fulfilled criteria for sepsis around the time of the RRT call and in 97 (159-62) (27.1%) of the 358 calls, there were criteria for sepsis without another clinical explanation for the presence of SIRS criteria.
Details of RRT calls with sepsis
Amongst the 159 calls with confirmed sepsis, there was one potential site of infection in 108 (67.9%) cases, two potential sites in 36 (22.6%) cases, three potential sites in seven (4.4%) cases and four potential sites in two (1.3%) cases. In six cases (3.8%), no site could be identified. The most common sites of infection were respiratory tract (86), intra-abdominal (38), urinary tract (26), bloodstream (26), soft tissue (10) and other (22).
Amongst patients with criteria for sepsis, positive cultures included Gram-negative organisms (44), Gram-positive organisms (28) and fungi (7) . Cultures were negative in 65 cases. Patients were on antibiotics in 127 (79.9%) of 159 cases before the RRT call and antibiotics were added or modified in 76 (47.8%) of 159 cases after RRT review. In 91 (57.2%) calls, the infection was hospital-acquired, in 67 (42.1%) community-acquired and, in one case (0.7%), there was communityand hospital-acquired infection in different sites in the same patient ( Figure 3 ).
Differences between RRT calls with and without sepsis
There were 81 calls without SIRS criteria and 118 calls with an alternative explanation for SIRS criteria, making 199 calls 'without sepsis' and 159 calls with sepsis ( Figure 3 , Table 2 ). RRT calls associated with sepsis were more likely to occur on weekdays (P=0.03) but not more likely to occur in specific wards (P=0.42) or during business hours (P=0.46) ( Table  2 ). Gender (P=0.183) and age (P=0.137) distributions were also similar. The hospital length-of-stay of 112 patients who received an RRT call associated with sepsis was longer than the 151 patients who did not (P=0.002). Finally, patients who received an RRT call associated with sepsis were more likely to die during the acute care episode, however, this did not reach statistical significance (P=0.16) ( Table 2 ).
Discussion
Summary of findings
We conducted a detailed retrospective study of 358 RRT calls over three months. We found that SIRS criteria were present in three-quarters of calls and evidence of sepsis was present in two-fifths of calls. Sepsis was often hospitalacquired and the predominant sites of sepsis were the respiratory tract and abdominal cavity. Following RRT review, antibiotics were changed or added in almost half of cases. Patients who experienced a sepsis-associated RRT call had a longer length-of-stay compared with RRT patients who had calls not associated with sepsis.
Comparison with previous studies
To our knowledge, this is the first study to look at objective criteria for SIRS and sepsis within RRT calls. We have previously reported the presumed clinical cause of 400 RRT calls in our hospital. Amongst 531 clinical diagnoses, 125 (23.5%) were thought to be associated with sepsis 9 . Järderling et al studied 694 unplanned ICU admissions from their general wards. They found that 18.3% of unplanned ICU admissions occurring in the context of RRT review were associated with severe sepsis. This compared with only 6.8% of admissions for patients admitted to the ICU in the absence of RRT review 13 .
Other studies have examined the role of sepsis teams and treatment algorithms in the management of clinical deterioration presumed to be associated with sepsis. Sarani et al reported on an intervention in which emergency department clinicians could call a "code sepsis" for deteriorating patients thought to have infections. This approach was associated with improvement of patients receiving antibiotics within one hour of diagnosis (from 25% to 85%) 14 . Miano et al developed an antibiotic algorithm to guide their RRT in the delivery of appropriate antibiotics. In a before-and-after study, this was associated with an increase in the proportion of patients receiving appropriate antibiotics (54% versus 86%, P=0.02) 15 .
Study strengths and weaknesses
We used previously published definitions for SIRS and presumed sepsis and standardised case report forms to guide and streamline data collection. The major limitation of our study includes retrospective data collection and reliance on documentation in the patient's history. In addition, because we only examined for the presence of objective markers of sepsis in patients who fulfilled SIRS criteria, there may have been some additional patients who actually had clinically important sepsis that we did not capture with our methodology. Although we have demonstrated that MET patients with sepsis had a higher mortality, this may be attributable to more severe degrees of physiological derangement, rather than due to sepsis per se. Thus, patients with sepsis by definition were required to fulfil SIRS criteria, whilst those without sepsis may or may not fulfil SIRS criteria. However, there is currently no validated illness severity scoring system for MET patients. We cannot comment on the preventability of the calls. Thus, we cannot comment on whether there was suboptimal management in important areas, such as fluid management, source control and acquisition of cultures, or whether administration of alternative antibiotics may have prevented the MET call occurring. Finally, we were not able to assess for the appropriateness and timing of antibiotic administration or the details of resuscitation of septic patients. However, the aim of the present study was to conduct an initial analysis of the importance, frequency and consequences of sepsis in MET calls.
Implications for clinicians and policy makers
We found that a high proportion of RRT calls were associated with diagnostic criteria for sepsis. This is perhaps not surprising given our RRT criteria are based on deranged physiology, which are similar in nature to SIRS criteria (Table 1) . Importantly, many patients who fulfilled criteria for sepsis also had other possible explanations for the SIRS criteria that were present.
We found that 91 RRT calls were associated with hospitalacquired infections over the three-month period. This suggests that there is typically one RRT call per day due to a hospitalacquired infection. The observation that almost half of RRT calls were associated with sepsis has important consequences for education of RRT staff and for the early recognition and response to deterioration in the period prior to RRT calls.
Many patients did not have cultures taken during the call and we will encourage staff to increase the acquisition of cultures in patients with presumed sepsis. Approximately one-fifth of patients with criteria for sepsis were not on antibiotics prior to the RRT call and in almost half, antibiotics were added or changed during the call. These findings suggest that RRT contributed to care of patients who have sepsis in our wards.
Areas of future research
Our findings should be confirmed in a prospective multi-centre observational study, in a manner similar to the Australasian Resuscitation in Sepsis Evaluation study 12 . Such research should focus on prospectively assessing for the presence of sepsis, the causative organisms, the timing of administration of appropriate antibiotics (based on biograms of positive cultures) and the interval between diagnosis and source control. In addition, such a study should focus on antecedents to the MET call, including delayed escalation of care, details of fluid resuscitation, the timing of admission in relation to MET activation and important confounding baseline patient information about demographics and comorbidity. Ultimately, it may be possible to perform interventional studies in patients with SIRS criteria to improve the outcome of sepsis-related RRT calls. 
Conclusion
Sepsis is a common cause of RRT activation. Each day, there may be one RRT call associated with hospital-acquired infection in our hospital. Although most patients were on antibiotics before the call, RRT review changed or added antibiotics in almost half of cases. Septic RRT patients had much longer stays than those without sepsis.
